symmetry, swing, stance and double support time and ratio and minimum toe clearance. Gait speed and stride length were normalized to the right leg length. Results Fifty-seven older people with a mean age of 69.7 ± 4.2 years old (range from 65 to 82 years) were included. Data were analyzed according to the gender and according to the age (<70 or ≥70 years old). After normalization to leg length, the main significant differences were shown for stride length and minimum toe clearance in CW, FW and in DTW that were shorter in women. The regularity in FW was significantly lower among older volunteers. Conclusions This work provides a data set considering 14 gait parameters obtained from 57 healthy old people strictly selected and assessed for three walking conditions and shows that GS, SL and MTC have to be related to the gender. The age-related impact on gait performances appears reduced in this cohort. Objective To present gait pattern of healthy older specially selected to be "healthy walkers". Method Fifty-seven older people benefited from a geriatric assessment including clinical and functional evaluations to include only those without gait disorders. Gait data were simultaneously recorded using a tri-axial accelerometer placed on the waist and four 3D position markers placed on the feet at the level of the heel and the toe. Volunteers walked at comfortable self-selected speed (CW), fast self-selected speed (FW), and finally in dual task walking condition (DTW). The extracted gait parameters were: gait speed, stride length, stride frequency, regularity and * S. Gillain
Introduction
Trunk accelerometers have been described as reliable tools for human gait analysis outside the laboratory (i.e. in clinical environment) [1] [2] [3] [4] . They offer many advantages such as an easy handling and a low-cost technology. Furthermore, pilot studies have previously shown their accuracy to differentiate the gait profiles from cognitively healthy and cognitively impaired older people [5, 6] . Unfortunately, reference data obtained with this method for healthy older people and comparison with gold standard laboratories methods like optoelectronic systems are still lacking. Nevertheless and considering the growing interest using the gait pattern as a marker of risk of negative clinical outcomes or as a marker of robustness and to use this to suggest specific drugs, intervention or rehabilitation, the development of such database seems essential as a reference to pathological conditions analysis. Several impediments explain this lack of available literature.
A few papers show reference data but some important clinical information is missing (e.g. functional status, cognitive performance, mood disorders, medications, and previous falls) to check the global and complete health status of the patients. Additionally, in several papers about specific gait conditions (e.g. Parkinson's disease), control volunteers are selected based on the absence of the pathology of interest but mostly without considering health-related criteria. In 2011, Hollman et al. published a notable reference data set showing 23 gait parameters from healthy older adults assessed in comfortable walking condition (CW) and using a 5.6 m electronic walkway [7] . However, some motion and gait analysis laboratories are equipped with other instrumental systems, then showing gait data obtained with other instrumental methods could be useful and could allow comparing the results from different data acquisitions and data process. Another issue is the lack of mention or adjustment to the height, known to influence gait speed and stride length [8, 9] . Finally, some papers highlight the importance to consider not only the CW but also the dual task walking condition (DTW) and the fast walking condition (FW) . Considering all these aspects, the aim of this study is to assess the gait pattern of healthy old people during these three clinically relevant walking conditions (CW,FW and DTW) using simultaneously an accelerometer and an opto-electronic method and to show gait parameters normalized to the leg length. This study would provide accurate gait pattern of healthy old people and help other researchers to compare these data to their own. Finally, the authors will compare their results to those of Hollman et al.
Methodology Population
Volunteers were selected from a prospective study aiming to clarify the interest of gait analysis associated to brain imaging to earlier discern old people at risk of cognitive decline and falls, the Gait Analysis and Brain Imagery Study (GABI Study).
Inclusion criteria
To be at least 65 years old, living independently at home, to understand French, to be able to reach the motion analysis laboratory, to approve inform consent.
Exclusion criteria
Exclusion criteria included fall in the previous year, history of stroke, physiotherapeutic cares, recent hip or knee prosthesis (≤1 year), musculoskeletal pain during walking, Timed Up and Go (TUG) longer than 10 s, an acute respiratory or cardiac illness (<6 month), cognitive disorders according to the MoCA score (<26/30), mood disorder according GDS-4 (people with a score of 2/ were included were the score was linked to the status of proxy and the fear to become ill because of this responsibility of caregiving), frailty according to the Edmonton score (>5/17) and neoplasm (people with a cancer in remission since more than 5 years were included).
Clinical and functional assessment
Subjects were assessed for socio-demographic and anthropometric data and benefited from a complete functional assessment ( Table 1) . The ADL and IADL scale scores were calculated to confirm the independency of included volunteers. Considering that some housework are usually and preferentially done by the same member of the family (e.g. the gardening or the meals), the IADL score was calculated by considering the sum of the results obtained in the items applicable to each subject, divided by the sum of the maximum possible scores in the applicable items (to not consider the volunteer disable for a housework he or she never did).
Materials
During walking test all subjects were assessed using simultaneously two validated methods to collect data; a triaxial accelerometer (Locometrix ® ) and an optoelectronic device (CodaMotion ® ). Combined together, these two methods are used to assess 14 parameters frequently shown in the literature and clinically relevant regarding the adverse clinical age-related outcomes (e.g. the fall risk). To our knowledge, this is the first published work using simultaneously these two methods.
The accelerometric system (Locometrix ® , Centaure Metrix, Evry, France) is a validated method [2] comprising an acceleration sensor, a recording device and a computer program for processing the acceleration signal. The acceleration sensor is composed of three accelerometers placed perpendicularly to each other in a plastic box with the recording device. The sensor's box is incorporated in an elastic abdominal belt, behind the back over the L3-L4 intervertebral lumbar space (the 3rd lumbar vertebra level). The acquisition frequency of the signal is 100 Hz.
The Codamotion ® system (Charnwood Dynamics, Rothley, UK) is a 3-dimensional kinematic tool validated for its use in laboratory [10] [11] [12] . The 3-dimensional position and orientation of the feet were tracked using four Codamotion CX1 units at a sampling rate of 200 Hz. Two position markers were attached on each shoe of the volunteers; one on the heel and one on the toe. These four position markers give accurate measurements of the position of the feet in 3D in the Codamotion ® system covers 4 to 5 stride cycles (depending on the subject and the walking condition). See Fig. 1 .
Gait tests
Clinical and functional assessments were realized by the same examiner. Subjects were asked to wear comfortable shoes. After familiarization and once the subject equipped, gait was recorded under three different experimental conditions: self-selected comfortable walking speed (CW) (to assess spontaneous gait pattern), self-selected fast walking speed (FW) (because its relevance considering the relationship to the risk of cognitive decline [13, 14] and disability [15] ) and during dual-task walking condition (DTW) (because of the spread brain areas and neuronal networks implicated in gait disturbances and associated to normal aging [16] and considering his relationship to the cognitive decline [5, 6] and to the disability [17] ). The instruction for FW was "walk quickly without running in order not to miss your train" and for DTW "walk at a comfortable walking speed while simultaneously making arithmetic (seven counting down since the number "100" to increase gait pattern modifications [18] ). Because explicit instruction concerning the prioritization could affect dual tasking [19] , the single instruction gave to the volunteers was "make both tasks simultaneously and as well as you can". The CW was always the first walking condition done. The order of fast and dual-task walking was randomized to avoid a systematic measurement error. The starting point was on the left side of the Fig 
Data processing

Concerning Locometrix
® , the mean gait speed (GS) was computed from the time needed to cover 23 m. Time was recorded by means of a stopwatch. The following gait variables were inferred from the walking speed and 20.48 s of stationary cranial-caudal acceleration signal:
• the stride frequency (SF) or number of cycles per second (Hz) was calculated from the cranio-caudal acceleration following the application of the Fourier transform, • the stride length (SL) was deduced from the equation [speed (m/s) = frequency (Hz) × stride length (m)] and expressed in meters.
• the stride regularity and symmetry were automatically derived from two coefficients (C1 and C2) computed from an autocorrelation function on the cranial-caudal signal. The autocorrelation coefficients C1 and C2 quantify the peak values of the first and second dominant periods of the autocorrelation function, respectively, corresponding to the step regularity and to the stride regularity [1] . These coefficients are automatically transformed according to equations detailed in the paper of Auvinet et al. [2] . Regularity and symmetry indexes are dimensionless. The regularity index describes the similarity of vertical movements over successive strides. The symmetry index describes the similarity of left and right cranial-caudal movements and it is independent of fluctuations in the successive movement of each limb.
The Codamotion ® system is used to measure reference kinematic signals: the vertical (horizontal) heel position Z h (X h ) and the vertical (horizontal) toe position Z t (X t ). A signal-processing algorithm is then applied to these signals to extract-during consecutive strides-gait events of importance: the heel strike (HS) and the toe off (TO). This algorithm is based on a piecewise linear fitting method [20] that identifies accurately HS and TO in local position signals. Temporal gait parameters are extracted based on these gait events as follows: The time of minimum toe clearance (MTC) is extracted as being the moment at which the toe reaches a local minimal vertical position during the swing phase.
In fact the Codamotion ® system also allows extracting GS, SL and SF. However, considering the longer walking distance covered by the accelerometric method (23 m compare to 8 m using the Codamotion ® system), the authors will consider and present GS, SL and SF measured using the accelerometric method.
Considering the potential confounder effect of the height on the gait speed and the stride length and to decrease the gender effect (considering that men are often higher than women), these gait parameters were normalized to the length of the right lower limb (measured to the trochanter until the heel) as the following formula: "normalized gait parameter = (gait parameter/right leg length) × 100".
Statistical analysis
Statistical analyses were performed using Statistica 13 (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP.) and MATLAB R2013a (Math Works, Natick, MA). Clinical parameters were expressed as mean ± standard deviation (SD), median, percentile 25 (P25), percentile 75 (P75), minimal and maximal values. Gait parameters obtained considering the left and the right side (double support, stance and swing time) were expressed as the mean values of both sides. Left and right measures were previously checked to be not significantly different side by side using the Student's paired t test. Normality was tested using the Shapiro-Wilk test and investigating mean and median values, histograms and Quantile-Quantile plots. Homoscedasticity was tested using the Levenne test. Paired off groups were compared using the Welch-Satterthwaite t test. Results were considered significant at the 5% critical level (p value <0.05). 95% confidence intervals (CI 95%) for means were also calculated for men and women. Intra-class coefficient correlation (ICC) (2, k) were additionally calculated for gait parameters both extracted by the Locometrix ® and the Codamotion ® system.
Results
Characteristics of the population
After applying severe exclusion criteria (see previously), 57 healthy old people were included. 
Gait parameters
The 14 gait parameters obtained from CW including "normalized gait parameters" are presented considering the gender in the Table 2 . During CW, the GS (p = 0.002), the SL (p < 0.001), the NSL (p = 0.002) and the MTC (p < 0.001) showed a significant difference according to the gender. Gait parameters obtained in FW are presented in the Table 3 . During FW, the GS (p < 0.001), the SL (p < 0.001), the NSL (p < 0.001), the SF (p = 0.019), the SwT (p = 0.002), the MTC (p < 0.001) and the StT (p = 0.018) showed a significant difference according to the gender. Gait parameters obtained in DTW are presented in the Table 4 . During DTW, the GS (p = 0.028), the SL (p = 0.007) and the MTC (p < 0.001) showed a significant difference between groups according to the gender.
The REG in FW showed a significant difference according to the age (p = 0.049) with a mean = 327 and a SD = 47 among volunteers <70 years old and with a mean = 301 and a SD = 48 among oldest group. Considering all walking conditions, no other parameter showed a significant clinical or statistical difference according to the age.
Concerning the consistency between gait parameters both extracted by the two methods. ICC 
Discussion
Briefly, this work provides gait patterns of healthy old people selected with great care and assessed for three different walking conditions widely used in research and clinical settings. For each walking condition, 14 gait parameters, chosen because of their clinical relevance, are presented considering gender. To not underestimate agerelated gait modifications and according to the median age reached by this cohort, the authors divided the cohort in two groups; one including volunteers <70 years old and another group including those ≥70 years old. Furthermore, to decrease the gender effect due to the height, the most height-dependent-gait parameters like GS and SL were showed as "raw data" but also as "normalized data". Then researchers could easily compare this data set to the gait pattern obtained in their own cohort. After a first look, an important observation to do is that the same gait parameters (GS, the SL, the normalized SL and the MTC) show a difference according to the gender in the three walking conditions (except for the NSL in DTW). This observation underlies the relevance of these parameters and the reliability of the data acquisitions. In FW the SwT and the StT presented statistical differences between groups (p value <0.05), but these numerical differences remain skinny and clinically irrelevant. Of course, some other clinical variables could partially explain the observed difference between the groups but the normalization to right leg length and the strict selection of the volunteers, applying several exclusion criteria, has limited potentials confounders.
In CW, the GS, the SL, the SF obtained from trunk accelerations are comparable to those published by Auvinet et al. [2] , Senden et al. [8, 9] and Ko et al. [21] , where men are faster than women and they show longer stride length. However, applying the normalization to the leg length, this study showed a difference according to the gender only for SL (and normalized SL).
The REG and SYM are similar in both gender as previously showed by Auvinet et al., Senden et al. and Patterson et al. [22] .
The MTC shown in this study are consistent with the MTC obtained by Dadashi et al. [23] . Nevertheless, the MTC showed in the Swiss study did not show a difference according to the gender. In our opinion, the overall precision of 9 mm of the inertial extraction method used (not allowing to measure a difference <9 mm as recorded in our sample) could explain these differences in the results shown.
After comparison with the results published by Hollman and even if he used another instrumental method, our results are similar. Indeed, in the Hollman study, men were faster than women and their stride length were longer. In the same line, the swing ratio and the stance ratio are similar in the two studies. The double support time and ratio expressed in the Hollman study express the sum of the double support ratio of the left and the right step. In our study, the double support time and ratio were assessed stride by stride, that could explain the difference (almost twice more) shown in the two studies. Actually Hollman and al. showed an influence of age on gait performances. Conversely this work did not find the same results. Two components could explain this inconsistency; first the small size of our cohort and the small number of very old volunteers (only two people older than 80) furthermore the lower proportion of women (slower than men and with shorter stride length) included in the ≥70 years old group could hide the agerelated impact on gait speed and stride length. Nevertheless, the consistency of the two studies agrees with the reliability and the validity of the gait parameters assessed and the data acquisition protocol used.
In FW, our results are similar to those founded by Laufer using the GaitRite walkway system [24] . The DSR is lower in our cohort (around 14 and 12% of the stride time during CW and FW, respectively) than in the Laufer's cohort (30 and 25%, respectively). However, the reductions of DSR secondary to the increase of GS were similar in the two populations (reduction of 17% in Laufer's cohort and reduction of 15% in our cohort).
In DTW, and as found by van Iersel et al. [25] , Hausdorff et al. [26] and Yogev-Seligmann et al. [19] , GS decreases during dual tasking even for old people free of cognitive disorder. Interestingly in DTW, the normalized SL did not remain significantly different in both gender (like in CW and FW). Even if the mean values between the two groups are high, the higher SD in men than in women could explain this statistical result (related to the sample size effect). Unfortunately, this work has some limitations to take into account. The sample size was modest because of several exclusion criteria and the cost of the cognitive task was not accounted for. Finally, due to the limited number of available CX1 measurement units, only 8 meters of stabilized walk are available for gait analysis based on the opto-electronic method (meaning 4 or 5 gait cycles/each volunteer). Nevertheless, the excellent ICC concerning gait parameters measured by the two instrumental methods and the consistency between our results and those previously published (even those obtained using other instrumental methods) confirm the reliability of data acquisition and data analysis used in this work.
Finally, even considering to the small size of the cohort, the limited age-related gait modifications showed in this work is, in our opinion, an important fact to underline. Indeed, these results support the idea that people with gait disorders have to benefit at least of a clinical examination to detect some pathological condition linked to the gait performances and so even in case of advanced age.
Conclusion
This work provides a data set of gait parameters obtained from 57 healthy old people assessed for three walking conditions using a tri-axial accelerometer and an optoelectronic method allowing researchers to compare with their own data. In healthy old people, the gait speed, the stride length and the minimal toe clearance have to be related to the gender. The age-related impact on gait performances appears reduced in this cohort. The strict selection of the old people included and the consistency with previous published data allow considering the present data set as reference values.
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